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P Zl CT nT SmF P ° UR TUBER UN PU,TS ' NOTAMMENT 
UN PUITS DE FORAGE PETROLIER, OU UNE CANALISATION 

AU MO YEN D*UNE PREFORME TUBULAIRE SOUPLE, 

DURCISSABLE IN SITU 

La presente invention concenie un procede pour tuber un puits. notamment 
un pu,ts de forage petrolier. ou une canalisation, telle qu'un gazoduc ou un oleoduc par 
exemple. au moyen d'une prfforme tubulaire souple. durcissable injitu. par exemple 
therm odurcissable. ~~ ~ r 

oeuv re ce proc^r^ 0 " " mCUre cn 

Dans la presente description, et dans les revendications. on entendra par ie 
terme tuber 1 acUon de consider un puits. ou une canalisauon. notamment en vueTe la 
reparer. en en revetant la pan,, d'un tube rigide. encore appe.e tubage ou chemisage 

Par le terme "preforme" on entendra une structure tubulaire qui est 
.mualement souple et deformable et qui. une fois placee dans la zone du puits a consoli- 
der. est m.se en forme cylindrique. appliquee contre la paroi du puits ou de la canalisa- 
.on. P u,s durcie pour se «ier imimemen. et a demeur* a cette paroi. consutuant ainsi le 
tubage ou chemisage. 

Pour le tubage d'un puits de forage petrolicr. ainsi que pour dcsapplica- 
uons s,m,la,res. ,« a deja ete propose des preformes tubulaires souples et durcis^bles 
destines a etre mises en place a Petat replie longitudinalement - e«at dans lequel ellcs 
possfedcnt un encombremen. radial faible - puis a etre dep»,ees radialement. par appl.ca- 
t.o„ d un gonnage hydraulique interne. Selon cette technique, qui est notamment decntc 
dans ,es documents FR-A-2 662 207 et FR-A.2 668 241. la preforme possede. apres 
ItZr d<P,0iCment> radiaI - Me f °™ e "*■""« ^^nque. de diametre bien 

Un autre type de preforme connu. qui fait notamment I'objet de la 
demande de brevet Internationale W0-94/25655. au nom de la demanderesse possede 
une structure tubulaire qui comprend un tressage de meches so„p,es. composes de 
fibres, qu, s entrcooisent avec un certain jeu. de sorte que la structure peut s'expanscr 
radtalement tout en se restreignant en direction axiale sous I'effet de location d'une 

surpression a Pinteneurde la preTorme. 

Ainsi. I 'expansion de la pnfforme peut se fairs en deux etapes success! ves 

d abord par depliement, puis par expansion radiale ; on obtient ainsi un degre dex ' 

pans,on nettement superieur a ceu.x obtenus avec les preformessoup.es memionnees plus . 

haut. ce qui permet d'introduire la prefonne dans le puits a tuber, et Pamencr en la zone 
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souhait6e, en la faisant traverser des ouvertures de faible dimension, par exemple des 
conduits rigides dijk en place dans le puits, ayant un plus petit diamfctre intfrieur. 

Cette technique connue est trts int£ressante, dans la mesure ou elle permet 
de boucher des perforations apparaissant dans un puits de production, sans qu'il faille 
5 retirer le tubage dtjk en place, ct par consequent sans "tuer le puits". 

II est apparu ndanmoins des difficult^ pour mettre en oeuvre cette 
technique lorsque le puits est fortement d*vie, c'est-*-dire possfcde un axe formam un 
angle 6\c\ 6 par rapport k la verticals voire est horizontal. 

En effet, lorsque le puits est vertical, ou sensiblement vertical, la prfforme 
10 est naturellcment rcculigne (sous I'effet de la gravity ct elle descend reguliiremcnt dans le 
puits au cours de sa mise en place. Toutefois. elle risque d'fitre endommagfe par suite des 
frottements contre les parois du puits ou les diffdrentes restrictions se trouvant sur son 
passage. 

En outre, si le puits est d*vi* t ou prtseme des coudes. la prtforme se 
15 dtforme en raison de sa souplesse, el se positionne incorrectemem dans I 'axe du puits. ce 
qui provoque des frottements, voire des risques de blocage au cours de son enfoncement. 

La mise en place de la prtforme dans un puits fortement devie ou 
horizontal est done ddiicatc, et mcme impossible dans certaines configurations. 

L'invention vise k rdsoudre ce probleme. en proposant un proce'de" de 
20 tubage d'un puits ou dune canalisation au moyen d'une prfforme tubulaire souplc. 
durcissable in£itu, qui puisse egalement s'appliquer sans problemes k des puits ou des 
canalisations non verticaux ou ayanl une surface tnteneure risquant d'endommagcr la 
preTorme. 

Comme dans les proc£des connus, on introduit la preTorme dans le puits 
25 ou la canalisation k Petal longitudinalcment replid, puis - lorsqu'elle y a 616 conectemeni 
positionn^e - on la deplie par gonflage hydraulique pour lui donner une forme sensible- 
ment cylindrique. on Tapplique contre la paroi du puits ou de ia canalisation, et on 
provoque le durctssement de sa paroi. 

Le proceed* qui fait I'objet de I 'invention est remarquable par le fail 
30 qu'avant d'introduire la prtforme dans le puils ou la canalisation, on I 'insfere (provisoire- 
ment) dans un fourreau amoviWe, qui est rigide ou semi-rigide en direction longitudinalc, 
mais est deTormable radialement, et qu'on met en place dans le puils ou la canalisation la 
prdforme contenue dans son fourreau, ce dernier dtant ensuite • en cours d 'operation - 
separt de la preTorme puis - en fin d'operaiion -, retire* du puits ou de la canalisation. 
35 1-3 P r6foxme sc trouve done prisonnicre du fourreau, et souienue par lui, 

durant toute la phase de sa descente dans le puits ou la canalisaiion. Ainsi cette descente 
se fait sans difficult^, mcme si le puils ou la canalisation esi fortement devie, voire 
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honzomal. ouprtsentc une surface de paroi risquam d'abimerlaprtfonne. Dcp rt « ren cc 

^ SW ^^ un P rcm ^^PSondi P |jeradia| e memuniquemcntl a 
tracuon vers I'amere (c'est-a-dire vers la sortie du puits). 

j , ,. 5* P"*** s ' a PP»q«e particulierement bien a une prffonne au. an** 

Dans ce cas. la desolidarisation de la prfforme par rappon au fourreau 
s opere avantageusemem par suite du depliement radia! de la portionTla oZZe 
contenue dans ,e fourreau. aprfcquoi s'operent success! vemen, Lt^u ^ 
I expansion radiale de cette m g me portion. " 

L'invemion concerne dgalement un dispositif pour tuber un pui.s 
n«am me n, un puits de forage petrolier. ou u „ c canalisation, au moyen d'une pJoZc 
u.bula.re soup,e. dont ,a paroi es, thennodurcissable in^situ. cL JoZclZ 

longuudmalementetundtatdrfpli^sensiblementcylindrique. ' 
^ dp , CC diSPOS " if "* reman ' Uab,e ,e «» comporte un equipcment de 

2 5 ~ r ,c pu,ts ou ,a — ■ - - - p- « 

celle-d le nuideld "'T * " * '* ""^ a P**'<>umira 
S 11 SOUS PrCSSi ° n n&eSSairC * *>* d< P ,ieme ««. «. Ic cas 

z x r on * que ■ — ~ — -» - 

30 b) un fourreau amovible solidaire de I'extrfmiW de la tige ft Hnteneur 

Drtfonp 1 e * ma ' s diformable radialement de sone qu il peut fitrTretird^Je la 

prtformelorsquecelleHriselrouveftrtotd^plid '° 

Par ai,,CUrs ' se,on un certain "ombre de caractensuques additionally 
35 avantageuses.nonlimiuuvesdcl-invenuon: add,t,onnelles 

- 1c fourreau amovible est un lube fendu. apie ft souvrir pour iibe™ l a 
prdformeaucoursde son depliement; nr pour libercr la 
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- la prtforme est solidaire d'un manchon interieur arrachable, radialement 
expansible par gonflage hydraulique, 2t Pintdrieur duque! est introduit le liquide hydrauli- 
que fourni par Toulillage de pose et de contr6le el servant k ddplier la preforme, ce 
manchon eTant degonf)* et sipari de la prfforme, en fin d'opcration, puis retir* du puils 

5 ou dc la canalisation en meme temps que I 'outillage et le fouiTeau ; 

- la preTorme est thermodurcissaMe et. son chauffage est r6alis6 par effet 

Joule, par rintermfdiaire d'un cSWe dectrique ddformable, ce dernier 6tant stock* sous 

un faible encombrcment dans une douille qui est interposee entre I'extrtmitl de la tige de 

commande et Pou tillage et est solidaire dudit fourreau amovible ; 

10 - ce cable a une longueur sensi Wement <gale k celle de la prfforme mise en 

place; 

- la prcTorme est datable et radialement extensible ; 

- la prcTorme comprend un tressage de meches souples s'entrecroisant 
avec un certain jeu, de telle sorte qu'elle peui s'expanser radialement toul en se restrei- 

15 gnant en direction axiale. le matenau constitute de la prcTorme extant une nfeine polymerisa- 
ble k chaud, dans laquelle est noy* ledit tressage ; 

- le manchon intlrieur arrachable, radialement expansible, comprend 
egalement (comme la prfforme) un tressage de mfcehes souples entrecroisees aptes k 
s'expanser radialement tout en se restrcignant en direction axiile. et qui sont ernprison- 

20 nees entre des peaux interieure et exldrieure souples, certaines desdites mfcehes *tant 
remplacdes par des fils conducleurs d'dectneit*. aples k chauffer la prdforme par effet 
Joule, qui sont connects dectriquement audit c&We. 

Dauires caractenstiques et avantages de ('invention apparaitront de la 
description el des dessins annexes qui en reprfoentent un mode de realisation preferentiel. 

-5 Sur les figures : 

- la figure 1 est une vue glnlrale sch&natique d'unc installation de tubage 
mettant en oeuvre le proedde* de 1 'invention ; 

- la figure 2 est une vue g*n6rale. partiellement coupee, dc 1 'equipemcnt de 
pose dc la preforme ; 

30 - la figure 3 repr6sente un tressage de mfcehes souples entrecroisees, 

conslitutives de la structure de la prcTorme et du manchon qui sen k I'expansion de la 
preforme ; 

- la figure 4 esi une coupe transversale schematique du manchon et de la 
preforme k T6tat longitudinalement replies : 

35 - la fi gure 4A est une vue analogue k la figure 4, rcprtsentant 1 'ensemble a 

Petal deplie; 
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- la figure 4B est une vue analogue aux figures 4 et 4A. representant 
rensembleal^iatd^plieetradialementexpanse-: P^esentant 

- la figure 5 est une vue schematique. en coupe longitudmale dc 
I ensemble consume par la preTorme et son manchon inteneur arrachable ; 

5 - la figure 6 est un detail a plus grande echelle de ia zone de la paroi de la 

preTorme et du manchon qui est rfferencee VI a la figure 5 ; 

- les figures 7. 8. 9. 10. 12; 13, 14 et 15 son, des vues schematiques 
s.m, huresA la figure 2, destinees a il.ustrer les differen.es topes successives de »a mise 
en place d un tubage oans un puits de forage petrolier conformant a .'invention a 

10 I aide derinstallationde la figure 1; * 

- les figures 1 1 et 1 1 A sont des coupes transversa^ correspond 
respecuvemen, au plan de coupe XI de lafigure 7et XI A de la figure 10. ces vue, etan. 
desunjs I .Huarer la facon don, la preTorme se dfcolidarise de son fourreau lorsqu'eUe 
passeder<tatrepli6ar(«tatc>'Iindrique. 

- ™ C doit e trc tub* ; ,a paroi C es, par exemple une canahsauon 
perforce. Pbur y accgder il faut passer dans une restriction R. 

L'installation de tubage. generalement designee par la reference 1 
cornprend de maniere connue. une tete de puits 12. une tige de cdmmande flexible et' 
ubulauc 13 comportam un cable electrique inteneur. un manchon de guidage 1 . de cettc 
go - couramment appele "sas" - c, un disposaif ,0 servant a pousscr .a tige ,3 dan L 
sas 1 1 ct dans le puits P. * ,J>aans,c 

L-extremitd libre dc la Uge de commande 13 est pourvue d'un equipemem 
^5 douT ! l T r0me ' Tif6nnCi " " — * -cnue„eme„rd-unc 

loge dans le fouxreau. et accole a la doui.le 4. e. d'une preTorme souple 8 destinee a etre 
mise en place dans le puits pour le consolider. 

30 nuvn. , U ^ f ° me8eSt ^^ run ^ onex P^^in«e-rieurarntchable9 
30 ^entourecommecelaest 

sera decnt plus !om en reference notamment aax figures 5 et 6. L'ensemble preTorme 8 / 
manchon inteneur 9. initialement coherent, est reT^rencd 7. 

L'ensemble 7 est ensene dans le fourreau 6. et retenu par friction a 

I »^neurdecclu,-a.Cettefric,ionmainuent< 5 galementrou.i.lage3applique parsaface 
35 arnere. contre la douille 4. 4 par sa lace 

Ce, ensemble 7 est obture a ses extremites par des bouchons V Le 
bouchon 92 toun. vers I 'arriere, e'est-a-dire vers ,a sortie du pu lt s. est traveler un 



20 
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conduit 30 qui le relic k 1 *outillage 3. Cc dernier comprend des moyens apies k refouler k 
Pintdrieur du manchon, via le conduit 30 t un nuide sous-pression foumi au dispositif 
depuis la surface, c'est-&-dire depuis la t&e de puils 12 au moyen de la tige dc commandc 
tubulaire 13, ou par pompage du liquide du puits grtce k un dispositif de pompagc 
5 contenu dans I 'outillage 3. 

Par ailleurs, ('installation comprend un cable 6leciriquc 5, qui passe dans 
la tige tubulaire 13, et est connects 61ectriquement k 1 •outillage 3, par rintermddiaire d'un 
cable souple 50. Ce dernier est enroull ou rcpli* sur lui-mfcme, pour presenter un faible 
encombrement, et il est log* dans une cavit* formant receptacle pr6\vc dans la douille 4. 

10 Les cables 5 et 50 servent k alimenter en dlcctricitd, via Toutillage 3, 

Tensemble prlforme - manchon expanseur int£rieur, afin d'y gdn^rer par effet Joule la 
chaleur ndcessairc au duicissement de la paroi de la prf forme, comme cela sera expliqu* 
plus loin, ainsi qu'k fournir T6nergie dc pompage de Toutillage 3 et d'alimenter tous les 
systfcmes de contrWe ndcessaircs 6quipant cet outillage. 

15 Bicn entendu, le courant 6lectrique est foumi depuis la surface, a partir 

d'un g^ndrateur situd k rextlrieur du puits, reli* au c&ble 5 aprts sa soaie du dispositif 
10. 

Comme on le voit sur la figure 2, rensemble 7 constitud par le manchon 9 
et la prlforme 8 n'est pas complement insert k rintlrieur du fdUrreau 6. 
20 On a d&ignl par la rffcrence 7 1 la portion de cet ensemble qui se trou vc A 

rint^rieur du fourreau, et par la r6«rence 70 la portion d^passante. extdrieure au 
fourreau. 

La partie extdrieure a unc longueur Lo scnsiblement plus petite que la 
longueur L l dc la partie int^rieure 71. A cet *gard, il convient de remarquer que cede 
25 partie 71 a 6U raccourcie artificiellement sur le dessin (figure 2), pour ne pas en affecicr la 
lisibtiitc. 

A litre indicatif, la longueur Lo est de Tordre de lm, la longueur L } de 
Pordre de 10 k 30m, et la longueur L 2 , qui correspond au restc de l^quipcmem (douille 
4 et outillage 3), de Tordre de 4m. 

30 Comme on le voit sur la figure 11, le fourreau 6 est une envcloppc 

tubulaire cylindrique fendue. e'est-a-dire incomplfctement ferm*e. Celle envcloppc, 
rdalis*c par exemple en mdtal ou en matiire plastique, possfcde une certainc ngidit* 
longitudinalc, mais est facilemcnt ddformable radialement dans le sens de son ouverture, 
comme on le comprend aislment k la simple comparaison des figures 1 1 et 1 1 A. 

35 Dans une variante, on pourrait relier les bords en regard de la feme de 

I'envcloppe par des attaches pouvant se rompre facilcment au-dcla d'un certain seuil de 
prcssion interne. 
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De preference. I 'enveloppe est relativement flexible ce qui lui permet lout 
en ngtdifiant convenablement I'ensemWe 7 en direction axiale. de suivre des trajectoires 
non tectilignes (coudes et courbes), par deformation laterale. 

Dans I'exemple illustre aux figures 3 a 6. la preforme 8 et le manchon 
.nteneur 9 posscdent lous deux une structure similaire. composee d'un tressage de fibres 
souples entrecroisees tel que celui decrit dans le document WO-94/25655 prdcite. 

Au besoin on pourra se reporter a cette publication, dont on considerera 
qu elle fait partie de la prfsente description pour I'lnterpretation de I' Article L.6P-5 ler 
alinca. du Code de la Propriety Inlellecnielle. 

On rappelera. en reference a la figure 3. que les meches souples sow 
repart.es en deux series 700. et 700b entrelacees. formant une structure tubulaire 
dtfbrmable. 

La structure peut etre repliee longitudinalement, puis - sous I'effet d'une 
press,on interne - etre "mise au rond'\ e'est-a-dire con/ormee en cylindre par depliement 
S. elle est ensuite soumise a une pression interne plus elevee. on obsene 
un deplacement relatif des deux series de meches, ce qui entratne simultanement une 
expansion radiate et un raccourcissement longitudinal de la structure. 

Les meches souples sont formees de fibres ayant une bonne resistance 
mccanique a la traction, par exemple de fibres de carbone ou de verie. et jouent le role 
d armature deformable pour la preforme et/ou pour le manchon expanseur de la prefoime 
Les figures 4. 4A et 4B representent respectivement I'ensemble 7 a I'etat 
re P l.e longitudinalement. pour presenter une dimension txansversale faible. ce memc 
ensemble - reference T • mis au rond. de diametre D,. e, enfin ce mdme ensemble 
- reference T - a I'etat radialement expanse, de diametre D 2 sensiblement superieur a D, 
U diametre et I 'expansibilite ladiale de la preforme sont choisis pour que 
D 2 corresponde au diametre de la zone a tuber. 

Comme le montrent les figures 5 et 6. la preforme tubulaire souple 8 
possede une paroi 82. en matiere initialement fiuide. dans laquelle sont novees des 
structures tubulaires concentriques tressees 700. U maUere fiuide est une resinc 
synthdtique. thermodurcissable par polymerisation a chaud. La preforme est pourvue 
d une peau exterieure 80 prtsentant une face externe munie de depressions 801 et de 
rehefs 802 qui favorisent son ancrage centre la paroi du puits et ameliorent I 'etancheite. 

Le manchon interieur arrachable 9. qui est appele "matrice" dans le WO- 
94^*5655 deja cite, possede une peau interieure 91 et une peau exterieure 90. toutes deux 
en matenau souple et elastiquc. entre lesquels se irouvent J a slnicture deformable trcssee 
700. L'.nterfacc entre la peau externe du manchon et la paroi interieure 91 de la preforme 
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8 est traits, par exemple par enduction dc silicone, pour qu'il y ait peu d'adherence enire 
ccs deux parties. 

La prtforme 8 entoure intimement le manchon inteneur 9 qui, comme deji 
dit. est obture* k ses deux extremites, de maniere Itanche, par des bouchons 92. Le 
5 manchon 9 est fixe" k la preTorme 8 au moyen de manchettes d'extr^mite" 93, qui 
posscdent des zones affaiblies 94, susceptible* de se rompre facilement L'introduction 
d un fluide hydraulique k 1'intlrieur du manchon, en vue de son gonflage el - correlative- 
ment du gonflage de la preTorme - se fait, comme dej& dit, par une tubulure 30 qui 
dlbouche dans le manchon et une ou plusteurs ouvertures 300 de passage du fluide. 
10 L'oiitillage 3 comporte une ou plusieurs vannes approprices, pouvant fctre 

commandees depuis la surface, permettant d'effectuer le gonflage et le degonflage du 
manchon, en contrdlant la pression durant Poperation, ou un dispositif de pom page 
reaiisant la mfcme fonction au moyen du liquide du puits. 

Certaines des meches 700 du manchon sont remplacees par des conduc- 
15 teurs e"lectriques (fils chaudants) relics 61ectriquement au cable 50. Ainsi, le chauffage du 
manchon inteTieur et, correlati vement, de la preTorme peut etre commands aussi depuis la 
surface, par alimentation electrique des cables 5 et 50. 

Nous allons maintenant decrire une operation de mise en place de la 
preTorme 8 dans une zone C du puits. 
20 L'ensemWe 7 form* par la preTorme et le manchon se trouve k I 'dtat repli* 

longitudinalement, tel que cetui represent aux figures 4 el 1 1. Dans cet £tat. il s'inscrit 
dans un cylindre de diametre Do correspondant sensiblement au diameire intdneur de 
Tenveloppe fendue 6 (voir figure 1 1). 

Ce diametre D 0 est plus petit que le diametre des diffeTenis conduits ou 
25 autrcs restrictions R situes dans le puits, en arriere de la zone k tuber. 

Comme dej& dit, seule une partie dc longueur rlduite, en ('occurrence la 
partic 70, de 1'cnsemble 7 dlpasse du fourreau 6. Par consequent, la preTorme est 
soutenuc sur la plus grande partie de sa longueur et possede (avec son fourreau) unc 
rigiditc suffisante pour autoriser sa progression reguliere k r inteneur du puits, memc si 
30 ecl ui -ci est totalement ou en partie devil. 

La teTe de pose 2, el la preTorme, vont done fetre poussees par la tige de 
commandc 13 dans le puits. et s'y enfoncer progressivement, comme cela est symbolist 
par la fleche F aux figures 7 et 8. La tige creuse 13, de preference en acier, possede une 
bonne rigiditc* axiale, qui lui permet de pousser sans probleme la xtic 2 dans le puits. 
35 Neanmoins elle est suffisamment flexible pour suivre les coudes ou autres courbures du 
puits. 
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^^dupuiBoudelacanalisaUonCprfeenteenunecenainezonedes 
P^orauons. ou autres overtures O. qu'on se propose de recouvnr par le tubagH 

^^ d ' Mronw,a ^2da n slepuitsJorsquelapanied6pa SSa „ t e70 

oermettent H T * C ° mr6,e conni " «i. son. prevus. qui 

pcrtnettcntdertalisercebonposiUonnemcnL R 

Par gonfiage hydrauiique interne, la parlie depassante 70. et cette partie 

,OUt d ' ab ° rd ^ ^ W * ^ di,a,<e — — «■ P- 
diametreD 2 . qui correspond audiametreinterieurdupuits. 

DilTerents moyens peuvent etre prevus pour que le depliement ei 
lexpans,onradialesefa«mprioritaireme„tsurlaporuon70. 

Ainsi, par exemple. il est possible d'entourer la partie 71 par des liens 
annu laires don, ,a re.is.ance mecanique est suffisante pour enX ,e d£ enTe n Z 
ceue port,™ sous . 'action d«u„e pressfon interne moder*. m ais toutefois suC te ^ 
provoquer la deformation de la portion libre 70. 

On obtieni ainsi un ancage de la portion 70 conlre la paroi du puits en 
avant des perforations O (voir figure 9). • ^ ' 

annu iv L menIaUOn dC ' a PreSSi ° n de ?0nfla 8 c P rov «J u c »a ™pture des liens 
annuls assuran, la contention de la portion 7,. Ainsi. on obtiem un depUe„ raTa 
ct une rntse au rond de ,a portion de preforme 71. laquel.e prend un 

Par suite de ce depigment, le fourreau fendu 6 s-ouvre ct orend un , 
conf, gura uc«enforrnegene ra ledeU.rererencee6'alafigure ? 
II resie soUdaire. par son extrfmi te arriere. de la douilie 4 
Dans cette configuration, le fourreau est facilement extractible ei peut 

par la fieche G a la figure 12 s'accompagne d'une mise sous traction de la partie de cable 

du fon™.. . ^ *** ^ dU 50 au ret ™ complel 

u JLT , T7 ^ ^ Ch ° iSie ^ a « a «ongueur du 

.ubage.un.tra.tscfa.tfaci.emenucarlaprtformeestancrfe * 

prefonne n "* "* ?" " *' * " com P«*«"ent retire de la 

Clde • ^T, PrCSS ' 0n ^ g ° nnagC ' ^ »'^on radia,e 
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Toutc la preforme vicni alors s'appliquer intimement conirc la paroi du 
putts C, en recouvrant les perforations O. 

De maniere connue. tout en maintenani le manchon sous gonflage 
hydraulique, on provoque alors la polymerisation par effet Joule de la resine constituant 
5 la preforme, par alimentation eiectrique des Tils chaufTants pre vus dans le manchon. 

A Tissue de la polymerisation, on degonfle le manchon 9, qui se separc de 
la preforme durcie - devenue tubage 8* - par rupture des manchettes 93 (figure 14). 

On effectue ensuite une nouvelle traction G 9 sur la tige 13, laquelle est 
toujours solidaire de la douille 4 el du founeau ouvert 6' ainsi que, par I 'interrnddiaire du 
10 cable tendu 50, sur I 'outillage 3 el le manchon degonfle 9 (voir figure 15). 

L'ensemble peut £tre ainsi retire du puits. 

Differentes formes de fourreaux rigidificateurs amovibles pounaient Sue 
prtvues ; ce fourreau doit etre d'une bonne rigidiie longitudinale tout en possidant la 
souplesse ndcessaire k son passage dans un sas non rectiligne. II doit s'ouvrir facilement 
15 pour libdrer la preforme et son ipaisseur doit «tre faible pour limiter son encombrement 
radial. 

Par ailleurs il doit pouvoir se refermer lors de son passage k travcrs les 
restrictions R en vue de son enlevement, grace k une forme appropriee, par exemple 
legferement conique. 

20 Le diametre et 1 'aptitude k la dilatation radiale de la preforme et, correiati ve- 

ment, du fourreau seront choisis en fonction des conditions reellcment rencontrees. et en 
particulier du diamfeire de la zone de puits k tuber. A litre indicatif. ei non limitatif, la 
dimension diametrale D 0 de la preforme k retat replie pourra eire dc I'ordre de 60 a 
100mm, son diametre D, "mis au rond" sera de Tordrc de 90 k 150mm, et son diametre 

25 D 2 A 1 'etat expanse sera de Tordre de 170 k 220mm. 

La technique qui fait Pobjet de la presente invention s applique avantageu- 
sement k une preforme souple k la fois depliable et radialement expansible ; on ne sortirait 
toutefois pas du cadre de Invention en I'appliquani k des prerormes simplcment 
depliables, mais non extensible^ telles que celles decrites par exemple dans les documents 

30 FR-A-2 662 207 el FR-A-2 668 241 dijk cites. 

La polymerisation de la preforme n'est pas obligatoirement faite par erfet 
Joule. Elle pourrait Strc obtenue par d'autres moyens de chauffage, en paniculier par 
introduction d'un iiquide chaud dans la preforme, ce liquide pouvant du reste «tre Ic 
meme que celui qui sen k la gonflcr. 

35 La portion d'extremite libre de la preforme, destinee k realiser son ancrage 

initial, pourrait avoir une deformabilite plus grande que le reste de sa paroi, par exemple 
par adoption d'une epaisseur de paroi plus faible ou du choix d'une matiere differeme. 
Ceci permctirait de s'aff ranchir des liens de contention dont il a ete fait etat plus haul. 
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15 



^0 



II 

REVENDICATinNfi 



1 . Precede pour tuber un puits. notamment un puits de forage petrolier 
ou une canalisation. au moyen d'une preforme tubulaire souple. durcissable insjtu, selon 
lequel on introduit la preforme dans le puits ou la canalisation a Petal longitudinalement 
replie, puis - lorsqu'elle y a 616 correctement positionnee - on la deplie par gonflage 
hydraulique pour lui donner une foraie sensiblement cylindrique. on rapplique centre la 
paroi du puits ou de la canalisation et on provoque le durrissement de sa paroi caractense 
par le fait qu'avant d'introduire la preforme (8) dans le puits ou la canalisation on 
I'.nsere dans un fourreau amovible (6), qui est rigide ou semi-rigide en direction 
long.tud,nale. mais est deformaWe radialement. et qu'on met en place dans le puits ou la 
canal.sat.on la preforme (8) contenue dans son fourreau (6). ce dernier eiant ensuite 
separe de la preTorme (8) et retire du puits ou de la canalisation. 

2. Precede selon la revendication 1, caracterise par le fait que la preforme 
(8) est .nseree partiellement dans le fourreau (6) de telle sorte que son extremite libre 
ressorte de celui-ci sur une certaine longueur (Lq). 

3 . Proc&te selon la revendication 2. caractense par le fait que dans un 
premier temps on deplie radialement uniquement la portion de preforme qui depasse du 
fourreau (6). et on I'applique contre la paroi du puits ou de la canalisation, pour obtenir 
une zone d'ancragc. apres quoi on extrait le fourreau (6) par traction (G) vers IWre. 

4 . Procedd selon I'une des revendications 1 a 3. caractense par le fait 
qu on util.se une preforme (8) qui. apres depliement radial, et mise en forme cvlindrique 
est expansible radialement par gonflage hydraulique. 

5 . Proce-dd selon la revindication 4. caracterise par le fait que la dcsolidari- 
sation de la preforme (8) par rapport au fourreau (6) s'opere par suite du depliement 
rad,al de la portion de la preforme contenue dans le fourreau (6). apres quo. s opferent 
success.vement l'arnichement du fourreau (6) et I'expansion radiale de ladite portion dc 
preforme. 

6 . Dispositif pour tuber un puits. notamment un puits de forage petrolier 
ou une canalisation au moyen d'une preforme tubulaire souple. dont la paroi esi 
thermodurcissable insHu . cette preforme etant radialement deformaWe sous I 'effet d'une 
press,on hydraulique interne entre un eut replie longitudinalement et un 6m ddplie 
sens,blement cylindrique. caract6rise par le fai t qu'il comporte un equipement (2) de pose 
de la preforme (8). monte a I'extremite d'une tige de commande tubulaire (13) desun6e 4 
etre .ntroduue dans le puits (P) ou dans la canalisation depuis une tete de puits (12). cet 
equipement comprenani : 



WO 96/21083 



PCT/FR95/01651 



a) un outillagc de pose et dc contrite (3) portam la prdforme (8), apie k 
fournir k celle-ci le fluide hydraulique sous pression n&essaire k son ddpliemenu et 
I encrgie thermique ndcessaire au durcissement de sa parol ; 

b) un fourrcau amovible (6) solidaire de I'extr6miid de la tige (13), k 
5 I 'inierieur duquel est enserrte au moins partiellement la prfforme (8), et qui est rigide ou 

semi-rigide en direction longitudtnale, mais est dtformable radialement de sorte qu'il peut 
6lre retirt de la prfforme (8) lorsque celle-ci se trouve k I 'dial ddplid. 

7 . Dispositif selon la revendication 6, caractdrisl par le fait que ledit 
fourreau amovible (6) est un tube fendu, apte k s'ouvrir pour libdrer la prtforme (8) au 

10 cours de son ddpliement 

8 . Dispositif selon Tune des revendications 6 ou 7, caractdris* par le fait 
que la prdforme (8) est solidaire d'un manchon intlrieur arrachable, radialement 
expansible, (9), k rintdrieur duquel est introduit le liquide hydraulique fourni par 
l'outillage de tubage (3) el servant k ddplier la prtforme (8), ce manchon (9) 6lant 

15 ddgonfld et s6par€ de la prfforme (8) en fin d'opdration, puis retire du puits ou de la 
canalisation en meme temps que l'outillage (3) et le fourreau (6). 

9 . Dispositif selon Tune des revendications 6 & 8, caractdrise par le fait 
que la prfforme (8) est thermodurrissable, son chauffage dtant rdalisd par effet Joule par 
I'intermddiaire d'un cable dlectrique ddformable (50), ce dernier 6tant stock* sous un 

20 faiblc encombrement dans une douille (4) qui est interpose enire 1 'extrdmitd dc la tige de 
commande ( 13) et l'outillage (3) et est solidaire dudit founeau amovible (6). 

10. Dispositif selon la revendication 9, caractdrisd par le fait que ledit 
cable (50) a une longueur sensiblement dgale k celle de la prdforme (8' ) mise en place. 

11. Dispositif selon la revendication 10, caractdrisd par le fan que la 
25 prf forme (8) est ddpiiable et radialement extensible. 

12. Dispositif selon la revendication 1 1, caractdrisl par le fail que la 
prdrorme (8) comprend un tressage de miches souples (700) s'entrecroisant avee un 
certain jeu, de telle sorte qu'elle peut s'expanser radialement tout en se restreignant en 
direction axiale, le matdriau constitutif de la prdbrme dtant une rdsine (82) polymerisablc 

30 k chaud, dans laquelle est noye ledit tressage (700). 

13. Dispositif selon les revendications 8 k 12 prises en combinaison, 
caracterisd par le fait que ledit manchon (9) comprend dgalement un tressage de mfcehes 
souples entrccroisdes (700) aptes k s'expanser radialement tout en se restreignant en 
direction axiale, et qui sont emprisonndes entre des peaux intdrieure (90) et exterieure 

35 (91) souples, ccrtaines desdites mfcehes dtant remplacdes par des fils cpnducteurs 
d Electricity aptes k chauffer la prdforme par effet Joule, qui sont connectds dlectriquement 
audit cable (50). 
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METHOD AND DEVICE FOR CASING A WELL, 
PARTICULARLY AN OIL WELL BORE OR A PIPE, 
USING AN IN SfTU CURABLE FLEXIBLE TUBULAR PREFORM 



The present invention concerns a method for casing a well, particularly an oil well bore or 
a pipe, such as a gas pipeline or an oil pipe line for example, using a flexible tubular preform that 
is curable in situ , for example by thermosetting. 

The invention also concerns a device that enables this method to be implemented. 
In the present description and in the claims, the term "casing" will be understood as being 
the action of strengthening a well, or a pipe, particularly for repairing it, and by lining the wall of a 
rigid tube, also called lining or cured-in-place pipe. 

The term "preform" is understood as being a tubular structure that is initially flexible and 
deformable which, once placed in the area of the well to be strengthened, is made cylindrical in 
shape, applied against the wall of the well or pipe, then hardened so that it binds closely to and 
remains on said wall, thus comprising the lining or cured-in-place pipe. 

For casing an oil well bore, as well as for similar applications, flexible curable preforms 
have already been proposed that are intended to be installed when longitudinally folded - a 
condition in which they take up a small amount of space radially - then are radially unfolded by 
application of an internal hydraulic inflation. According to this technique, which in particular is 
described in the documents FR-A-2 662 207 and FR-A-2 668 241, the preform has a strictly 
cylindrical shape of specifically determined diameter after being radially unfolded (or deployed). 

Another known type of preform, which is the subject of the international patent application 
WO-94/25655, in the name of the applicant, has a tubular structure of braided flexible strands, 
composed of fibers, which are interlaced with a certain spacing so that the structure can be 
expanded radially while being restricted in the axial direction by the effect of the application of an 
overpressure inside the preform. 

Thus, the expansion of the preform can be done in two successive stages, first by 
unfolding, then by radial expansion. In this way a degree of expansion is achieved that is clearly 
greater than those obtained with the above-mentioned flexible preforms, which allows the preform 
to be inserted into the well to be cased, and to take it to the desired area 
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by making it pass through small openings, for example rigid conduits already in place in the well 
and that have a smaller inside diameter. 

This known technique is very attractive in that it makes it possible to plug holes that 
appear in a production well, without having to withdraw the casing already in place, and 
consequently without "killing the well." 

However, there are difficulties in implementing this technique when the well is highly 
deviated, that is, it has an axis forming a sharp angle to the vertical, and can even be horizontal. 

Indeed, when the well is vertical, or appreciably vertical, the preform is naturally 
rectilinear (under the effect of gravity) and it descends steadily down the well while it is being 
installed. However, it risks being damaged by friction against the walls of the well or from the 
various restrictions found in the passage. 

Moreover, if the well is deviated or has elbows, the preform is deformed because of its 
flexibility, and it is positioned incorrectly in the axis of the well, which causes friction and even risk 
of blockage when it is being sunk. 

The installation of a preform in a highly deviated or horizontal well is therefore awkward, 
and even impossible in certain configurations. 

The invention intends to solve this problem by proposing a method and device for casing 
a well or a pipe, using an in situ curable flexible tubular preform that can also be applied with no 
problem to non-vertical wells or pipes or those that have an interior surface that could risk 
damaging the preform. 

As with known methods, the preform is inserted into the well or pipe in the longitudinally 
folded condition. Then, when it has been properly positioned, it is inflated hydraulicaliy to give it 
an appreciably cylindrical form, it is applied against the wall of the well or the pipe, and its wall is 
cured. 

The method according to the invention is notable in that, prior to inserting the preform into 
the well or pipe, it is inserted (temporarily) into a removable sleeve that is rigid or semi-rigid in the 
longitudinal direction, but is radially deformable, and the preform contained in its sleeve is placed 
inside the well or pipe, said sleeve then, during the operation, being separated from the preform, 
and at the end of the operation, being removed from the well or pipe. 

The preform is therefore enclosed in the sleeve during the entire phase of the descent 
into the well or pipe. Thus, this descent is done without difficulty, even if the well or pipe is highly 
deviated, or even 
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horizontal, or has a wall surface that risks ruining the preform. Preferably, the sleeve has a 
certain flexibility that enables it to follow curved or elbowed routes. 

In one preferential mode of the method, the preform is partially inserted into the sleeve so 
that its free end emerges from the sleeve a certain distance. 

In this case, at first only the portion of preform protruding from the sleeve is radially 
unfolded and applied against the wall of the well or pipe to obtain an anchoring area, after which 
the sleeve is extracted by drawing it back (that is. toward the well head). 

This method applies particularly well to a preform which, after being radially unfolded and 
given a cylindrical shape, is radially expandable by hydraulic inflation. 

In this case, the separation of the preform from the sleeve is performed advantageously 
after the radial unfolding of the portion of the preform contained in the sleeve, after which the 
withdrawal of the sleeve and the radial expansion of this same portion are performed 
successively. 

The invention also concerns a device for casing a well, particularly an oil well bore or a 
pipe, using a flexible tubular preform, the wall of which is thermosetting in situ , this preform being 
radially deformable under the effect of internal hydraulic pressure between a longitudinally folded 
condition and an appreciably cylindrical unfolded condition. 

This device is notable in that it has equipment for installing the preform, mounted at the 
end of a tubular control shaft intended to be inserted into the well or the pipe from a wellhead, this 
equipment being composed of: 

a) an installation and control tool carrying the preform, suitable for providing the preform 
with the pressurized hydraulic fluid needed for its unfolding, and when applicable, its radial 
expansion, as well as the thermal energy needed for the thermosetting of its wall; 

b) a removable sleeve integral with the end of the shaft, inside which the preform is at 
least partially confined, and which is rigid or semi-rigid in the longitudinal direction, but is radially 
deformable so that it can be withdrawn from the preform when the latter is in its unfolded 
condition. 

Moreover, according a number of additional advantageous, non-limiting characteristics of 
the invention: 

- the removable sleeve is a split tube, capable of opening to release the preform during 
its unfolding; 
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- the preform is integral with an interior extractable sleeve tube, radially expandable by 
hydraulic inflation, inside which is introduced the hydraulic liquid furnished by the installing and 
control tool and serving to unfold the preform, this sleeve tube being deflated and separated from 
the preform at the end of the operation, then removed from the well or pipe at the same time as 
the tool and the sleeve; 

- the preform is thermosetting and is heated by the Joule effect, by means of a 
deformable electrical cable that is stored in a small space in a shell that is interposed between the 
end of the control shaft and the tool and is integral with said removable sleeve; 

- this cable has a length that is appreciably equal to that of the installed preform; 

- the preform is unfoldable and radially extendable; 

- the preform has a braiding of flexible strands that are interlaced with a certain spacing, 
in such way that the preform can be radially expanded while being restricted in the axial direction, 
the material comprising the preform being a heat-curable resin in which said braiding is 
embedded; 

- the extractable interior sleeve tube, radially expandable, also (like the preform) has a 
braiding of interlaced flexible strands that can be radially expanded while being restricted in the 
axial direction, and which are enclosed between flexible interior and exterior skins, some of said 
strands being replaced by electrical conducting wires - that can heat the preform by the Joule 
effect - which are electrically connected to said cable. 

Other characteristics and advantages of the invention will appear from the description 
and the attached drawings that represent a preferential embodiment thereof. 
In the Figures: 

- Figure 1 is an overall diagrammatic view of a casing installation implementing the 
method of the invention; 

- Figure 2 is an overall view, in partial cross section, of the equipment for installing the 
preform; 

- Figure 3 represents a braiding of interlaced flexible strands that comprise the structure 
of the preform and of the sleeve tube that is used for the expansion of the preform; 

- Figure 4 is a diagrammatic transverse cross section of the sleeve tube and of the 
preform in the longitudinally folded condition; 

- Figure 4A is a similar view to Figure 4. representing the assembly in the unfolded 
condition; 
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- Figure 4B is a view similar to Figures 4 and 4A. representing the assembly in the 
unfolded and radially expanded condition; 

- Figure 5 is a diagrammatic view, in longitudinal cross section, of the assembly 
composed of the preform and its extractable interior sleeve tube; 

- Figure 6 is a larger scale detail of the area of the wall of the preform and of the sleeve 
tube that is referenced as VI in Figure 5; 

- Figures 7, 8, 9, 10. 12. 13, 14 and 15 are diagrammatic views similar to Figure 2, 
intended to illustrate the different successive stages of the installation of a casing in an oil well 
bore according to the invention, by means of the installation of Figure 1; 

- Figures 11 and 11A are transverse cross sections corresponding respectively to the 
cross section plane XI of Figure 7 and XIA of Figure 10, these views being intended to illustrate 
the way in which the preform is separated from its sleeve when it changes from the folded 
condition to the cylindrical condition. 

In Figure 1. the reference P designates the wall of an oil well bore, one section C of 
which must be cased; the wall C is for example a perforated bore. To access it. the restriction R 
must be passed through. 

The installation of casing, generally designated by reference 1. includes in a known way 
a wellhead 12. a flexible tubular control shaft 13 having an interior electrical cable, a guide sleeve 
tube 1 1 for this shaft, and a device 10 used to push the shaft 13 into the guide sleeve tube 1 1 and 
into the well P. 

The free end of the control shaft 13 is provided with preform installing equipment, 
referenced 2. This equipment is composed essentially of a cylindrical shell 4 attached to the free 
end of the shaft 13, a stiffener sleeve 6 coaxial to the shell 4 and integral therewith, an installation 
and control tool 3 housed in the sleeve and attached to the shell 4. and a flexible preform 8 
intended to be installed in the well in order to strengthen it. 

The preform 8 is carried by an extractable interior expander sleeve tube 9, which the 
preform encloses, as is already known by WO-94/25655 as cited above and as will be described 
further on in reference particularly to Figures 5 and 6. The preform 8/interior sleeve tube 9 
assembly, initially coherent, is referenced as 7. 

The assembly 7 is enclosed in the sleeve 6 and held therein by friction. This friction also 
holds the tool 3. which is applied by its rear face against the shell 4. 

This assembly 7 is closed at its ends by plugs 92. The plug 92 oriented toward the rear, 
that is toward the wellhead, has a 
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conduit 30 passing through it which is connected to the tool 3. This tool has means capable of 
forcing back inside the sleeve tube, via the conduit 30, a pressurized fluid supplied to the device 
from the surface, that is, from the wellhead 12 by means of the tubular control shaft 13, or by 
pumping the liquid from the well by a pumping device contained in the tool 3. 

Moreover, the facility has an electric cable 5 which passes into the tubular shaft 13 and is 
electrically connected to the tool 3 by a flexible cable 50. The latter is wound or folded so that it 
takes up little space, and it is housed in a cavity formed in the shell 4. 

The cables 5 and 50 are used to supply electricity, via the tool 3, to the preform - interior 
expander sleeve tube assembly, in order to generate by the Joule effect the heat required for 
curing the wall of the preform, as will be explained further on, as well as to furnish the pumping 
energy for the tool 3 and to supply all of the necessary control systems equipping this tool. 

Of course, the electrical current is supplied from the surface, by a generator situated 
outside the well, connected to the cable 5 after it exits the device 10. 

As can be seen in Figure 2. the assembly 7 composed of the sleeve tube 9 and the 
preform 8, is not completely inserted inside the sleeve 6. 

The reference 71 designates the portion of this assembly that is located inside the sleeve, 
and reference 70 designates the portion that protrudes outside the sleeve. 

The external part has a length Lo that is appreciably smaller than the length L, of the 
interior part 71. In that respect, it should be noted that this part 71 has been artificially 
foreshortened in the drawing (Figure 2), in order not to affect the legibility. 

By way of example, the length U is on the order of 1 meter, the length L, on the order of 
10 to 30 meters, and the length L 2l which corresponds to the rest of the equipment (shell 4 and 
tool 3), on the order of 4 meters. 

As can be seen in Figure 1 1, the sleeve 6 is a cylindrical tubular jacket that is split, that is, 
not completely closed. This jacket, which for example can be made from metal or plastic, has a 
certain longitudinal rigidity, but is easily deformable radially in the direction of its opening, as can 
be easily understood by comparing the Figures 1 1 and 1 1 A. 

In one variation, the edges facing the split of the jacket can be joined by fasteners that 
can break easily when a certain threshold of internal pressure is exceeded. 
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Preferably, the jacket is relatively flexible, thus allowing it to follow non-rectilinear paths 
(elbows and curves) by lateral deformation, while still advantageously stiffening the assembly 7 in 
the axial direction. 

In the example illustrated in Figures 3 to 6, the preform 8 and the interior sleeve tube 9 
both have a similar structure, composed of braided flexible interfaced strands as described in the 
above-mentioned document WO-94/25655. 

If needed, reference can be made to this publication, which shall be considered to make 
up part of this description by interpretation of Article L.612-5, 1st paragraph, of the Intellectual 
Property Code. 

It will be seen, in referring to Figure 3, that the flexible strands are distributed in two 
interlaced series 700a and 700b, forming a deformable tubular structure. 

The structure can be folded longitudinally, then - under the effect of an internal pressure 
- "made round," that is, formed into a cylinder by unfolding. 

If it is then subjected to a higher internal pressure, a relative displacement is observed of 
both series of strands, which simultaneously results in a radial expansion and longitudinal 
shortening of the structure. 

The flexible strands are formed from fibers having good mechanical tensile strength, for 
example carbon or glass fibers, and they act as deformable reinforcement for the preform and/or 
for the preform's expander sleeve tube. 

Figures 4, 4A and 4B represent respectively the assembly 7 in the longitudinally folded 
condition in order to have a small transverse dimension, this same assembly - referenced T - 
made round with diameter D 1( and finally this same assembly - referenced 7" - in the radially 
expanded condition with diameter D 2 appreciably greater than D,. 

The diameter and the radial expandability of the preform are chosen so that D 2 
corresponds to the diameter of the area to be cased. 

As Figures 5 and 6 show, the flexible tubular preform 8 has a wall 82, made of a material 
that is initially fluid, in which braided concentric tubular structures 700 are embedded. The fluid 
material is a synthetic resin that is thermosetting by the heat-cure method. The preform is 
provided with an external skin 80 having an exterior face furnished with depressions 801 and 
reliefs 802 which promote its anchoring against the wall of the well and improve the seal. 

The extractable interior sleeve tube 9, which is called "matrix" in the above-mentioned 
WO-94/25655, has an interior skin 91 and an exterior skin 90, both of which are made of a 
flexible and elastic material, between which the braided deformable structure 700 is located. The 
interface between the external skin of the sleeve tube and the interior wall 91 of the preform 8 
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is treated, for example by coating with silicone, so that there is little adherence between these two 
parts. 

The preform 8 closely surrounds the internal sleeve tube 9 which, as already mentioned, 
is sealably closed at both ends by plugs 92. The sleeve tube 9 is attached to the preform 8 by 
means of end collars 93, which have weakened areas 94 that can break easily. The introduction 
of a hydraulic fluid into the sleeve tube in order to inflate it - and correlatively to inflate the 
preform - is accomplished, as was already mentioned, by tubing 30 the end of which opens into 
the sleeve tube and one or more fluid passage openings 300. 

The tool 3 has one or more suitable valves that can be controlled from the surface, 
making it possible to inflate and deflate the sleeve tube by controlling the pressure during the 
operation, or a pumping device performing the same function by means of the well liquid. 

Some of the strands 700 of the sleeve tube are replaced by electrical conductors (heating 
wires) electrically connected to the cable 50. Thus, the heating of the internal sleeve tube, and 
correlatively of the preform, can also be controlled from the surface by electrical supply of the 
cables 5 and 50. 

We shall now describe an operation to install the preform 8 in a section C of the well. 

The assembly 7 formed by the preform and the sleeve tube is in the longitudinally folded 
condition, as represented in Figures 4 and 11. In this condition, it represents a cylinder with a 
diameter D 0 that appreciably corresponds to the inside diameter of the split jacket 6 (see Figure 
11). 

This diameter D„ is smaller than the diameter of the different conduits or other 
restrictions R located in the well, behind the area to be cased. 

As was already mentioned, only one part of the reduced length, in this instance the 
part 70. of the assembly 7 protrudes from the sleeve 6. As a result, the preform is supported for 
most of its length and it has (with its sleeve) sufficient rigidity to allow it to progress steadily inside 
the well, even if the well is totally or partially deviated. 

The installation head 2, and the preform, are therefore going to be pushed by the control 
shaft 13 in the well, pushing in progressively as symbolized by the arrow F in Figures 7 and 8. 
The hollow shaft 13. preferably of steel, has good axial rigidity which allows it to push the head 2 
in the well with no problem. However, it is sufficiently flexible to follow the elbows or other curves 
of the well. 

The wall of the well or pipe C has a certain area of perforations, or other openings O, that 
are to be covered by the casing, that is, the cured preform. 

The pushing of the head 2 into the well is stopped when the protruding part 70 reaches 
just beyond the openings O, which position corresponds to the one illustrated in Figure 8. 

Appropriate means of control, known in the art. are provided in order to accomplish this 
proper positioning. 
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By internal hydraulic inflation, the protruding part 70. and only this part, is first rounded 
out, then radially expanded to the diameter D 2 , which corresponds to the inside diameter of the 
well. 

Different means can be provided in order for the unfolding and radial expansion to be 
accomplished first on the portion 70. 

Thus, for example, it is possible to enclose the part 71 by ring-shaped ties the 
mechanical strength of which is sufficient to prevent the unfolding of this portion under the action 
of a moderate internal pressure, but still sufficient to cause the deformation of the free portion 70. 

Thus an anchoring is obtained of the portion 70 against the wall of the well, in front of the 
perforations O (see Figure 9). 

Increasing the inflation pressure causes the breakage of the ring-shaped ties that contain 
the portion 71. Thus, a radial unfolding and rounding of the preform portion 71 is achieved, which 
has a diameter (see Figure 10). 

Following this unfolding, the split sleeve 6 opens and takes a generally U-shaped 
configuration, referenced as 6' in Figure 11 A. 

It remains integral, by its rear extremity, with the shell 4. 

In this configuration, the sleeve is easily extractable and can slide on the rounded 
preform by pulling it backwards. This pulling, symbolized by the arrow G in Figure 12. is 
accompanied by placing the part 50 of the cable under tension. 

The complete tensioning of the cable 50 corresponds to the complete withdrawal of the 
sleeve, the length of the cable being chosen to correspond to the length of the casing. The 
withdrawal is done easily because the preform is anchored in the well. 

Once the deformed sleeve 6' has been completely removed from the preform, the 
inflation pressure is increased to cause the complete radial expansion of the assembly 7. which 
assumes the diameter D 2 (Figure 13), while becoming shorter axially. 
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The whole of the preform is then applied closely against the wall of the well C. covering 
the perforations O. 

In a known way. while maintaining the sleeve tube under hydraulic inflation, the Joule 
effect is used to cure the resin the preform is made of, by supplying electricity to the heating wires 
provided in the sleeve tube. 

Upon completion of the curing, the sleeve tube 9 is deflated and separated from the 
hardened preform - which has become casing 8' - by breaking the collars 93 (Figure 14). 

New tension G' is then placed on the shaft 13, which is always integral with the shell 4 
and the open sleeve 6' so that, by means of the tightened cable 50 on the tool 3 and the deflated 
sleeve tube 9 (see Figure 15). 

The assembly can thus be removed from the well. 

Different forms of removable stiffener sleeves could be provided; this sleeve should have 
good longitudinal rigidity while having the necessary flexibility for passing through a non- 
rectilinear chamber. It must open easily to release the preform, and its thickness must be small to 
limit the amount of radial space it requires. 

Moreover, it must be able to close up during its passage through the restrictions R in 
order to remove them, due to an appropriate shape, for example slightly conical. 

The diameter and the suitability for radial expansion of the preform, and correlatively of 
the sleeve, will be chosen based on the conditions actually encountered, and in particular on the 
diameter of the area of the well to be cased. By way of non-limiting example, 'the diameter D 0 of 
the preform when folded may be on the order of 60 to 100 mm, its "rounded" diameter will be 
on the order of 90 to 150 mm. and its expanded diameter D 2 will be on the order of 170 to 220 
mm. 

The technique covered by the present invention is applied advantageously to a flexible 
preform that can be both unfolded and radially expanded; however, it would not be beyond the 
scope of the invention to apply it to preforms that can simply be unfolded but can not be 
expanded, such as those described, for example, in the above-mentioned documents 
FR-A-2 662 207 and FR-A-2 668 241. 

The curing of the preform is not necessarily done by the Joule effect. This could be 
achieved by other heating means, in particularly by introducing a hot liquid into the preform. This 
liquid could be the remainder of the liquid used to inflate. 

The portion of the free end of the preform, intended to provide for its initial anchoring, 
could have a greater deformability than the rest of its wall, for example by adopting a lesser wall 
thickness or choosing a different material. This would make it possible to release the ties 
mentioned above. 
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CLAIMS 

1. Method for casing a well, particularly an oil well bore or a pipe, using an in situ curable 
flexible tubular preform, according to which the preform is introduced into the well or pipe in the 
longitudinally folded condition, then - when it has been properly positioned - it is inflated 
hydraulically to give it an appreciably cylindrical form, it is applied against the wall of the well or 
the pipe, and its wall is cured, characterized by the fact that prior to inserting the preform (8) into 
the well or the pipe, it is inserted into a removable sleeve (6) that is rigid or semi-rigid in the 
longitudinal direction but is radially deformable. and the preform (8) contained in its sleeve (6) is 
placed inside the well or pipe, said sleeve (6) then being separated from the preform (8). and 
removed from the well or pipe. 

2. Method according to claim 1. characterized by the fact that the preform (8) is partially 
inserted into the sleeve (6) so that its free end emerges therefrom a certain distance (U). 

3. Method according to claim 2, characterized by the fact that at first only the portion of 
preform protruding from the sleeve (6) is radially unfolded and applied against the wall of the well 
or pipe to obtain an anchoring area, after which the sleeve (6) is extracted by drawing (G) it back. 

4. Method according to any of claims 1 to 3, characterized by the fact that a preform (8) is 
used that, after being radially unfolded and given a cylindrical shape, is radially expandable by 
hydraulic inflation. 

5. Method according to claim 4, characterized by the fact that the separation of the 
preform (8) from the sleeve (6) is performed after the radial unfolding of the portion of the preform 
contained in the sleeve (6). after which the stripping of the sleeve (6) and the radial expansion of 
this same portion of the preform are performed successively. 

6. Device for casing a well, particularly an oil well bore or a pipe using a flexible tubular 
preform the wall of which is thermosetting jnsjtu. this preform being radially deformable under the 
effect of internal hydraulic pressure between a longitudinally folded condition and an appreciably 
cylindrical unfolded condition, characterized by the fact that it has equipment (2) for installing the 
preform (8). mounted at the end of a tubular control shaft (13) intended to be inserted into the well 
(P) or the pipe from a wellhead (12). this equipment being composed of: 
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a) an installation and control tool (3) carrying the preform (8), suitable for providing the 
preform with the pressurized hydraulic fluid needed for its unfolding and the thermal energy 
needed for the thermosetting of its wall; 

b) a removable sleeve (6) integral with the end of the shaft (13), inside which the preform 
5 (8) is at least partially confined, and which is rigid or semi-rigid in the longitudinal direction, but is 

radially deformable so that it can be withdrawn from the preform (8) when the latter is in its 
unfolded condition. 

7. Device according to claim 6. characterized by the fact that the removable sleeve (6) is 
a split tube, capable of opening to release the preform (8) during its unfolding. 

1 0 8. Device according to either of claims 6 or 7, characterized by the fact that the preform 

(8) is integral with an interior extractable radially expandable sleeve tube (9), inside which is 
introduced the hydraulic liquid furnished by the casing tool (3) and serving to unfold the preform 
(8), this sleeve tube (9) being deflated and separated from the preform (8) at the end of the 
operation, then removed from the well or pipe at the same time as the tool (3) and the sleeve (6). 

1 5 9. Device according to any of claims 6 to 8. characterized by the fact that the preform (8) 

is thermosetting and is heated by the Joule effect, by means of a deformable electrical cable (50) 
that is stored in a small space in a shell (4) that is interposed between the end of the control shaft 
(13) and the tool (3) and is integral with said removable sleeve (6). 

10. Device according to claim 9. characterized by the fact that the cable (50) has a length 
that is appreciably equal to that of the installed preform (8'). 

11. Device according to claim 10, characterized by the fact that the preform (8) is 
unfoldable and radially extendable. 

12. Device according to claim 11, characterized by the fact that the preform (8) has a 
braiding (700) of flexible strands that are interlaced with a certain spacing, in such way that the 
preform (8) can be radially expanded while being restricted in the axial direction, the material 
comprising the preform being a heat-curable resin (82) in which said braiding (700) is embedded. 

13. Device according to claims 8 to 12 taken in combination, characterized by the fact 
that the said sleeve tube (9) also has a braiding (700) of interlaced flexible strands that can be 
radially expanded while being restricted in the axial direction, and which are enclosed between 
flexible interior (90) and exterior (91) skins, some of said strands being replaced by electrical 
conducting wires that can heat the preform by the Joule effect, which are electrically connected to 
said cable (50). 



[see original for figures] 




TRANSPERFECT! TRANSLATIONS 



AFFIDAVIT OF ACCURACY 



ATLANTA 
BOSTON 
BRUSSELS 
CHICAGO 
DALLAS 
DETROIT 
FRANKFURT 
HOUSTON 
LONDON 
LOS ANGELES 
MIAMI 
MINNEAPOLIS 
NEW iORK 
PARIS 
PHILADELPHIA 
SAN DlEC-C 
SAN FRANCISCC 
SE-TTL: 
WASHINGTON. DC 



L^Lf teWart ; h u ereby certify that the fo "°wing is, to the best of mv 



WO 99/25951 
WO 97/06346 
. WO 96/21083 
WO 96/01937 
WO 94/25655 
2 780 751(98 08781) 



J629) 



2 717^5f94 03629) 

U7 Y1 
Kim Stewart 
TransPerfect Translations, Inc 
3600 One Houston Center 
1221 McKinney 
Houston, TX 77010 



Sworn to before me this 
23rd day of January 2002. 

Signature, Notary Public 




Stamp, Notary Public 
Harris County 
Houston, TX 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

Ik^BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



